Small aerosols at a given location in the atmosphere often originate in-situ from new particle 24 formation (NPF). However, they can also be produced and then transported from a distant 25 location to the point of observation where they may continue to grow to larger sizes. This 26 study was carried out in the subtropical urban environment of Brisbane, Australia, in order to 27 assess the relative occurrence frequencies of NPF events and particle growth events with no 28 NPF. We used a neutral cluster and air ion spectrometer (NAIS) to monitor particles and ions 29 in the size range 2-42 nm on 485 days, and identified 236 NPF events on 213 days. The 30 majority of these events (37%) occurred during the daylight hours with just 10% at night. 31 However, the NAIS also showed particle growth with no NPF on many nights (28%). Using a 32 scanning mobility particle sizer (SMPS), we showed that particle growth continued at larger 33 sizes and occurred on 70% of nights, typically under high relative humidities. Most particles 34 in the air, especially near coastal locations, contain hygroscopic salts such as sodium chloride 35 that may exhibit deliquescence when the relative humidity exceeds about 75%. The growth 36 rates of particles at night often exceeded the rates observed during NPF events. Although 37 most of these night time growth events were preceded by daytime NPF events, the latter was 38 not a prerequisite for growth. We conclude that particle growth in the atmosphere can be 39 easily misidentified as NPF, especially when they are monitored by an instrument that cannot 40 detect them at the very small sizes. 41 42 Keywords: New particle formation, particle growth, atmospheric aerosols, secondary 43 particles. 44 45 3 1 Introduction 46
four modes: ion mode; particle mode; alternate charging mode and offset mode. In the ion 143 mode, the NAIS measures naturally charged particles without any modification. In the 144 particle mode, it uses a corona needle to charge the particles. This leads to an inherent 145 problem where the very small particles cannot be distinguished from the corona ions 146 (Manninen et al., 2016) . For this reason, we have restricted the lower detection limit in the 147 particle mode to 2 nm . The alternate charging mode is similar to the particle mode, but it 148 electrically neutralizes the sampled particles and improves the performance of the instrument. 149 In the offset mode, the NAIS measures zero signals, noise levels and parasitic currents. The 150 measurement process of the instrument is fully automated. The measurement cycle of the 151 NAIS varies from 2-5 minutes. A more detailed discussion of its design and principles is 152 given in (Manninen et al., 2011) and (Mirme and Mirme, 2013) . In this study, we set the 153 measurement cycle to 2 min ion mode, 2 min particle mode, and 1 min offset mode. 154 An SMPS, consisting of a TSI model 3071 differential mobility analyser and a TSI model 155 3782 condensation particle counter, was used to measure the particle size distribution in the 156 range from 9 -415 nm.
These were neither NPF nor growth events and characterised the influx of already formed 191 particles from further locations to the monitoring site, and were ignored in the analysis. The growth rate (GR) of particles is defined as
where dp 2 and dp 1 are the diameters of particles at times t 1 and t 2 . This was calculated by the 197 maximum concentration method described in (Kulmala et al., 2012) . The unit of the GR is 198 nanometres per hour. During an NPF or a growth event, the number concentration of small 199 particles increases, showing a peak in the particle size distribution. When the particles grow 200 in size, this peak shifts towards larger sizes. In order to derive the maximum particle 201 concentration, we plotted the time series of the PNC in different size ranges. We estimated 202 the GR from the slope of the best-fitted line on the graph of mid-point diameter of particles 203 versus the time of maximum concentration (Dos Santos et al., 2015; Pierce et al., 2014) . The study yielded complete 24h data on a total of 485 days. The instrument was unavailable 213 on some days, as it was required for other projects or was being serviced or cleaned. In 214 addition, a few days were 'lost' due to missing data owing to power failures or instrument 215 malfunction. A summary of the observational periods, together with the corresponding 216 number of days on which 24h data were available and NPF events were observed, is shown in 217 The histograms show the number of events observed in each 30 min period after sunrise and 247 sunset, respectively. The times indicated on the x-axis refer to the end of each 30 min period.
248
In Figure 1(a) , the three bars at the extreme left correspond to times before sunrise. We have 249 classified these as night time events. Both of these figures show that most NPF events (71%) 250 began during the morning, with a high likelihood of occurrence between 2 and 4 hours after 251 sunrise, corresponding to approximately between 8.00 am and 10.00 am. In particular, 90 out
The two lower panels in Figure 2 show NAIS spectragrams obtained during the night, 308 between 6:00 pm and 2:00 am on 20 August 2015 and 5 September 2015, respectively. On 20 309 August, a strong NPF event began in the night at around 9:30 pm and lasted for 2-3 hours.
310
The particles also showed a relatively high growth rate of about 11 nm h -1 in the size range 2-311 42 nm.
313
We did not observe a significant difference in growth rates of particles between daytime and NPF events are almost always followed by particle growth. However, with the NAIS, we 345 observed several growth events that were not preceded by an NPF event. These events were 346 observed more often at night than during the day. A summary of these events observed by the 347 NAIS, is shown in as far as the smallest particle sizes, indicating that there is no NPF. This shape is sometimes 353 referred to as a "floating banana", to differentiate it from the complete "banana" shape of an 354 NPF event. In most of the events, particle growth is observed to continue for several hours.
355
The observed rates of growth varied between 1 nm h -1 and 45 nm h -1 with a mean and 356 standard deviation of (16.8 ± 11.9) nm h -1 in the size range 8-42 nm. During the 485 days of 357 observation, excluding NPF events, day time growth events were observed on just 54 days formation at the interface between the boundary layer and the free troposphere, Atmospheric time. Note the "floating banana" shape which indicates that these are clearly not NPF events.
644
The SMPS cannot detect particles at sizes below the horizontal white line. The colour contour 645 represents the PNC and the markers represent the times at which the PNC reached its 646 maximum value at each particle size. The unit of PNC is per cubic centimetre. 
